CHAPTER 7 


SOME CAUSES OF 
EXTINCTION 


John Terborgh and Blair Winter 


If we are to be successful in preserving examples of our biological heritage 
for the appreciation and enlightenment of future generations, it is essen- 
tial that we learn as much as we can about the causes of extinction, par- 
ticularly as they pertain to fragmented remnants of the natural 
landscape. 

Some of the most instructive lessons can be derived from the study of 
land-bridge islands and habitat islands. Land-bridge islands are true is- 
lands which possess the distinction of having once been connected to the 
adjacent mainland. Many of them lie on continental shelves, having been 
isolated by rising sea levels at the close of the Pleistocene about 10,000 
years ago. Habitat islands, as the name implies, are disjunct patches of 
one kind of vegetation surrounded by vegetation of a different kind. The 
patches may be natural ones, such as bogs or mountaintop forests, or 
they may be man made, as when a woodlot is left amidst fields and pas- 
tures. Many parks and wildlife preserves are destined to become habitat 
islands as we continue to intensify our use of the earth’s land resources. 

The faunas of land-bridge and habitat islands generally contain fewer 
species than those of the adjacent mainland or of larger tracts of 
equivalent habitat. One can readily ascertain which species are missing 
from a particular land-bridge or habitat island by comparing its fauna 
with that of an equivalent segment of the mainland, or a control block of 
habitat. Here we follow the now well-established practice of assuming 
that the missing species have gone extinct during the interval of isolation 
(J. H. Brown, 1971; Diamond, 1972; Willis, in press; Terborgh, 1974a; 
Case, 1975; Wilcox, 1978; Soulé et al., 1979). If, in examining a number of 
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such island-mainland comparisons, we find that the missing species 
shared certain common characteristics, it might then be possible, by ex- 
tension, to identify in advance the most vulnerable species contained 
within future parks and reserves. This is our objective. 

We shall begin by reviewing the principal generalities that have 
emerged from previous studies of land-bridge and habitat islands. Then 
we shall present some new results which enable us to answer a number of 
further questions about the biological traits that contribute to suscepti- 
bility or resistance to extinction. And finally, we will draw some infer- 
ences about why extinctions result from fragmentation of the natural 
landscape. 


Area Dependence 


The most far-reaching result of past studies is the demonstration that 
extinction is strongly area dependent, as anticipated by island biogeo- 
graphic theory (MacArthur and Wilson, 1967). This is implied by the un- 
usually steep slopes of species-area regressions of land-bridge islands, a 
result that can be explained as follows (J. H. Brown, 1971; Diamond, 
1972; Terborgh, 1974a). At the time of their isolation, land-bridge islands 
contain a full complement of mainland species. The total number of spe- 
cies involved is generally far greater than would be expected on an 
oceanic island of the same size. This implies that a land-bridge island 
initially holds far more species than can be maintained by colonization at 
equilibrium. The “extra” species gradually drop out, until after a suffi- 
cient time, which may be measured in tens or hundreds or thousands of 
years (Diamond, 1972), the island approaches an equilibrium condition. 
How fast an island loses the initial excess and achieves equilibrium is a 
function of its size; small land-bridge islands (<100 km’) may be indis- 
tinguishable from oceanic islands after a few thousand years, while large 
ones (>10,000 km?) continue to carry a considerable species excess even 
after 10,000 years (Diamond, 1972; Terborgh, 1974a; Wilcox, 1978). Be- 
cause of this, the increase of species number with area is far greater for 
land-bridge islands than for oceanic islands. Since habitat islands and dis- 
membered reserves are analogous to land-bridge islands, the numbers of 
species they can be expected to hold after a period of isolation will be 
strongly area dependent. This conclusion argues for preserving habitats 
in large blocks. 

Though the steep area dependence of land-bridge island faunas is in- 
herently transitory (it disappears when the largest island attains equilib- 
rium), it holds for both large areas (>1,000 km”) over the post- 
Pleistocene interval (around 10,000 years), and for small areas (1 to 100 
km’) over relatively short intervals (for example, 50 to 100 years). Both 
of these situations are relevant to the design of nature preserves, and will 
be considered later. 
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Rates of Extinction 


The problem of estimating extinction rates on land-bridge islands has 
been studied by Diamond (1972), Terborgh (1975) and Soulé et al. (1979). 
The models tested so far have related the extinction rate to the number 
of species momentarily present. A better fit is obtained when the pace of 
extinction is held proportional to the square or cube of the number of 
species present than when a simple linear proportionality is used. This 
suggests that extinction probabilities vary considerably from one species 
to another, possibly because of competitive interactions or other reasons 
to be discussed later. 

Another important finding is that the greater the excess of species 
over the expected equilibrium number, the more extinctions there will be 
per unit time, both absolutely and relatively. This implies again that 
large reserves will be most effective because they will initially contain 
smaller excesses of species and can be expected to sustain lower rates of 
loss. 


Patterns of Extinction 


Here we come to a crucial issue, for if it were possible to identify ex- 
tinction prone species in advance, it might be practical to engage in cer- 
tain types of preventative management. The only attempts to do this so 
far are those of Brown (1971), with temperate mammals and Willis (1974; 
in press), with tropical and subtropical birds, respectively. The two con- 
cur in their judgements that large size and habitat specialization are both 
detrimental to long-term survival. Moreover, Willis (in press) identified 
several avian guilds that appear especially extinction prone. Though both 
recognize the jeopardy contained in small population size, neither has at- 
tempted to discover whether the added risks associated with large body 
size and habitat specialization are anything more than consequences of 
low population levels. In the following sections this question will be ex- 
amined more closely. 


PATTERNS OF EXTINCTION IN A LONG TERM/LARGE SCALE 
SETTING 


Procedure 


Previous analyses of extinction on land-bridge islands have purposely 
employed sets of islands that were homogeneous with respect to their 
faunas and geography. Here we do quite the opposite on the premise that, 
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if there are universal generalities in the patterning of extinctions, they 
should be largely independent of taxonomy and geography. 

To examine this proposition we used the land bird faunas of five ma- 
jor land-bridge islands representing four biogeographic regions (Table I). 
Four of the islands are at tropical or near tropical latitudes, and one is 
temperate (Tasmania). In size, they range from ones that are smaller 
than a good many existing parks (<5,000 km?) to ones that are consider- 
ably larger (>60,000 km”). 


TABLE I. Present, past and presumptively extinct land bird faunas of 
five major land-bridge islands. 


Number 
Postulated Present of 
number of number presumed 
species at of extinc- Percent 
Island Area (km”) isolation species tions extinct 
Fernando Po 2,036 360 128 232 64 
Trinidad 4,834 350 220 130 37 
Hainan 33,710 198 123 75 38 
Ceylon 65,688 239 171 68 28 
Tasmania 67,978 180 88 92 51 
Total 597 


Lists of breeding land birds for the islands and equivalent mainland control areas were 
compiled from the following sources: Trinidad and Venezuela: French, 1973; Meyer de 
Schaunesee and Phelps, 1978. Fernando Po and Cameroon: Amadon, 1953; Hall and 
Moreau, 1970; Searle, 1950; 1954; 1965; Searle and Morel, 1977. Ceylon and India: Ali and 
Ripley, 1968; Henry, 1971. Hainan and China: Cheng, 1976. Tasmania and Australia: Rid- 
path and Moreau, 1966; Sclater, 1970; 1974. 


Lists of the present and presumptive past land bird faunas of the is- 
lands were compiled from recent field guides and handbooks (see footnote 
to Table I). Migratory and vagrant species were not included, nor were 
those of unconfirmed breeding status or aquatic forms such as ducks, her- 
ons and rails. Presumptive faunas at the time of separation (about 10,000 
years ago) were assumed to be identical to the present faunas of mainland 
control areas. These were matched to their respective islands as closely as 
possible with regard to area, rainfall, habitat distribution and topogra- 
phy. The differences between the mainland and island lists were then as- 
sumed to represent extinctions which had occurred over the post- 
Pleistocene interval. 

In following this procedure, we encountered two kinds of problemati- 
cal species: insular endemics and nonendemics which are absent from the 
designated mainland control areas. To avoid having to make a series of 
arbitrary judgements, we deleted both categories of species from the com- 
parisons. In all cases, such species constituted less than five percent of the 
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insular totals except in Ceylon where they made up nine percent. Delet- 
ing the insular endemics results in an overestimation of extinctions be- 
cause some of the insulars are derived from closely allied mainland forms 
which are counted as having died out on the islands. Range shifts on the 
part of mainland populations present another procedural quandary. Sub- 
sequent to insularization some species may have deserted the mainland 
control areas while others may have invaded. The latter will be scored 
incorrectly as ones which have expired on the corresponding islands. The 
method also assumes that insular extinctions are terminal, that is, that 
no recolonizations have occurred during the term of isolation, even 
though recent evidence indicates that such recolonizations are frequent 
on small islands at equilibrium (Diamond and May, 1976a). In spite of 
these unavoidable flaws in the procedure, we pursue the analysis in the 
hope that the net errors are tolerably small. Taken together the five is- 
lands provide a sample of 597 presumptive extinctions, quite enough for 
the resolution of any major patterns. 


Quantitative Patterns 


The results agree with those of previous studies in indicating that ex- 
tinction is inversely area dependent. The quantitative trend is obscured 
by a considerable scatter in the values, the causes of which are mostly 
unknown. Fernando Po has suffered much heavier apparent losses than 
Trinidad even though the size difference between them is relatively small. 
Trinidad’s greater proximity to the mainland and the existence of a series 
of intervening stepping stone islands may have facilitated an appreciable 
number of recolonizations. It is also possible that Trinidad may have 
been connected to the mainland more recently than Fernando Po (Wil- 
cox, 1978). At the opposite end of the size scale, Tasmania shows an unex- 
pectedly high incidence of extinctions. This could be a consequence of 
Tasmania’s temperate location, or it could be an artifact, if Tasmania 
lacks certain vegetation types that are represented in southern Victoria. 
There is nothing to be gained in belaboring these questions because the 
available information is insufficient to resolve them. 


Qualitative Patterns 


To screen data for qualitative patterns we prepared a family by fam- 
ily itemization of the numbers of surviving and extinct species for all the 
islands. The numbers for each island were then compared with the overall 
survival (or extinction) rates for that island. Our initial expectation was 
that certain families would consistently exhibit outstanding survival 
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across all the islands, while others would prove to be poor survivors. Such 
outcomes were highly exceptional. Most families showed mixed or near 
average performance. Only a few ran consistently above or below the 
mean. 

Pigeons, cuckoos and swifts showed outstanding survival ability, 
while kingfishers, thrushes (Turdidae) and sylviid warblers were some- 
what less decisively above average (Table II). The first five of these fami- 
lies are composed of strong flyers, and are disproportionately represented 
in the faunas of oceanic islands. Their good showing could simply be due 
to frequent recolonizations following extinctions or it could be real 
(Brown and Kodric-Brown, 1977). The presence of these families on 
oceanic islands carries a dispersal prerequisite, but exceptional survivor- 
ship can also be implied. In their trophic status, foraging tactics and nest- 
ing habits these families show no obvious common denominator. 


TABLE II. Taxa showing unusual resistance or susceptibility to 
extinction on land-bridge islands. 


Apparently resistant Apparently susceptible 
Columbidae (pigeons) Falconidae (falcons) 
Cuculidae (cuckoos) Phasianidae (pheasants) 
Apodidae (swifts) Picidae (woodpeckers) 
Alcedinidae (kingfishers) Timaliidae (babblers) 
Turdidae (thrushes) Tinamidae (tinamous)* 
Sylviidae (O.W. warblers) Cracidae (guans)* 


Bucerotidae (hornbills)* 


Ramphastidae (toucans)* 
* Uncertain because of small sample size. 


Several families appear to be particularly extinction prone. These are 
the falcons, pheasants, woodpeckers and babblers. Tinamous, guans, 
hornbills and toucans may also be vulnerable, but they occur in only one 
or two of the comparisons, so no clear trend can be claimed. The latter 
families, however, are all composed of large bodied forest frugivores, sug- 
gesting that these may be especially susceptible to local extinction. The 
same result emerges from the short-term, small-scale study that will be 
reviewed in the next section. 


Extinction vs. Body Size 


J. H. Brown (1971), Willis (1974) and Wilcox (Chapter 6) have all re- 
marked that large species were among the first to drop out of land-bridge 
island faunas. Among the apparently extinction prone families listed 
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above, all but one (the babblers) are of greater than mean body size. On 
the other hand, a number of families of relatively large birds display nor- 
mal to good survival. These are the hawks, vultures, pigeons, parrots, 
owls, nightjars, drongos, crows and cuckoo-shrikes. Comparisons between 
families, in any case, are hardly appropriate, as many factors may be in- 
volved. A better test would be to compare the incidence of extinction in 
large vs. small members of the same family. To do this we drew families 
from the comparisons in which the mainland list included at least six 
(and usually more than 10) species. Then, we scored the species which 
had presumptively gone extinct according to whether they were larger or 
smaller than the median size for the mainland species in the family. Sum- 
ming all of these, we found that out of 179 presumptively extinct species, 
85 were smaller and 94 larger than the median size for their families. 
Thus there does appear to be a slight trend in the expected direction, but 
it is too small to be statistically significant. We shall show later why this 
is so. 


Extinction vs. Competition 


Another question which can be answered with the data is whether a 
species’ survival chances are lessened by the presence of close competitors 
in the same fauna. We asked simply whether species that are alone in 
their genera (in the mainland control faunas) survive with a higher fre- 
quency than those which co-occur with one or more congeners. Using the 
Venezuela-Trinidad comparison, we found no discernible difference; 63 
percent of the species that were alone in their genera survived and 62 
percent of the species which at least initially shared the island with con- 
geners survived. 

So far we have failed to uncover any consistencies that could serve to 
predict extinctions with a useful degree of precision. Either there are no 
such patterns (in other words, extinction is random) or they reside in 
biological properties that we have not yet examined. 


PATTERNS OF EXTINCTION IN A SHORT TERM/SMALL SCALE 
SETTING 


More immediately germane to the design of parks are short term stud- 
ies of land-bridge islands, or, better yet, remnant islands of natural 
habitat that have been left intact within a sea of pasture and hedgerows 
or otherwise modified vegetation. Breeding bird censuses of isolated 
woodlots in North America clearly reveal their degenerate state, not only 
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with respect to the total numbers of species present, but more markedly 
with respect to the altered species composition of their communities (For- 
man et al., 1976; Galli et al., 1976; MacClintock et al., 1977). 

Even more dramatic changes have recently been documented by Wil- 
lis (in press) in a largely nonmigratory subtropical fauna in the state of 
Sao Paulo, Brazil. Unbroken forest once covered the entire region, but 
today the landscape is dominated by cropland, cattle pasture and coffee 
plantations. Only a few small and isolated tracts of forest habitat remain. 
Willis provides a carefully supported account of the breeding birds of 
three of the remnant forest tracts. We are most grateful for permission to 
quote his valuable results here. 

With areas of 21, 250 and 1,400 hectares, the tracts cover a size range 
of nearly two orders of magnitude. It is not known when they became 
detached from the formerly continuous woodlands of the Sao Paulo pla- 
teau, as deforestation of the region has been progressing over the last 150 
years. Elapsed times since isolation are all probably a few decades. Fau- 
nal depletion may have begun before any of the tracts reached their pre- 
sent dimensions because a number of large and conspicuous birds 
disappeared long ago from the entire region (for example curassows, large 
eagles, macaws). 


Quantitative Patterns 


The effect of habitat fragmentation on this subtropical avifauna is 
truly drastic (Table III; Figure 1). Even the 1,400 hectare “control” for- 
est has lost an appreciable number of species, as judged from the records 
of early collectors, while the communities of the smaller plots bear little 
resemblance to their former selves. The steepness of the relationship be- 
tween extinction and area once again proclaims the quintessential role of 
space in furthering the long term survival of isolated populations. 


TABLE III. Breeding birds of three remnant forests in Sao Paulo State, 
Brazil. 
Number of 
breeding species 
Number of presumed Percent 


Forest Area (hectare) Formerly Now extinctions extinct 
Barreiro 
Rico 1,400 203 175 28 14 
Santa 
Genebra 250 203 119 84 41 
Uni- 
camp 21 203 76 127 62 


(From Willis, in press) 
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Qualitative Patterns 


Willis tabulated persistence vs. disappearance by guilds, and con- 
cluded that certain guilds are especially extinction prone, notably large 
raptors, large canopy frugivores (parrots, toucans, cotingids), large terres- 
trial or near-terrestrial insectivores and small insectivores of bamboo 
thickets and forest tangles. Trophic status and nesting habits, as in the 
earlier long-term, large scale analysis, do not correlate in any obvious way 
with disappearance. 

There is at one level, however, a conspicuous orderliness in the results. 
It is perceived in the fact that the remnant faunas form an almost perfect 
nested set. That is, virtually all the species that have persisted in the 
smallest forest island are also present in the medium sized one, a pattern 
that continues through the largest. This could happen only if species 
were dropping out in a consistent order. In the Sao Paulo woodlots at 
least, extinction is not a random process. Definite rules are being fol- 
lowed; it remains for us to discover what they are. Further scrutiny of 
Willis’ data suggests that the key factor is population density. 


Extinction vs. Initial Rarity 


Willis’ manuscript lists the numbers of individuals of each species de- 
tected in each forest island per 100 hours of observation. Our analysis of 
these data rests on two assumptions: (1) the current abundances of spe- 
cies in the control (1,400 hectare) plot reflect initial abundances at the 
time of fragmentation and (2) the initial abundance of each species was 
similar in the three tracts, notwithstanding the differences in soils, drain- 
age and vegetation mentioned by Willis. Although both assumptions are 
crude approximations at best and, if not met, should obscure the results, 
the trend is abundantly clear (Figure 2). 
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Now that rarity emerges as a reasonably good predictor of vulnerabil- 
ity to extinction, it would help us to know more about what kinds of 
species are rare. Everyday experience tells us that nearly all rare species 
conform to one of the following patterns: (1) species that are near the 
limits of their geographical ranges or habitat spectra, (2) species that are 
constitutively rare, that is, that exist at low population densities wher- 
ever they occur and (3) species that specialize on certain types of patchily 
distributed habitats. Familiar avian examples of these types of rarity are, 
respectively: (1) the Common Black Hawk and Coppery-tailed Trogon in 
the southwestern United States, (2) California Condor and Ivory-billed 
Woodpecker and (3) Henslow’s Sparrow and Kirtland’s Warbler in the 
eastern United States. 

It should now be apparent why there was such a poor correlation be- 
tween large body size and disappearance from the faunas of land-bridge 
islands. Not all large birds are rare, and by no means are all rare birds 
large. Indeed, of the three types of rarity, only constitutive rarity is com- 
monly associated with large body size. Habitat specialization, to the con- 
trary, seems most frequent in small species. 

Many of the birds which have disappeared from the Sao Paulo wood- 
lots show type 2 or type 3 rarity. Virtually all of the species which were 
missing in the 1,400 hectare control plot exist at inherently low popula- 
tion densities and are large (for example, several eagles, macaws, large 
parrots, toucans, tinamous, a wood-quail, a pigeon and a fruit crow). (The 
fates of many of these were undoubtedly hastened by hunting pressure.) 
Habitat specialists (birds of treefall openings and tangles in the forest 
interior) had survived in the large plot but had all but vanished (eight 
out of nine) from the small one. Their places in the small plot had appar- 
ently been taken by widespread species characteristic of edge and second 
growth. 

The only group of species which went extinct with high frequency, 
and which did not conform to the pattern of low initial population den- 
sity, was comprised of forms that subsist on fruit and nectar. These are 
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resources which can fail altogether following unusual climatic perturba- 
tions (frost, drought). In such instances dependent populations may be 
obliged to emigrate to avoid heavy mortality. In the tropics, many hum- 
mingbirds are known, even in normal years, to vary drastically in abun- 
dance at a given site (Feinsinger, 1976), while parrots and macaws may 
commonly be seen flying from horizon to horizon between their feeding 
and roosting areas. For such species, even 1,400 hectares does not provide 
an adequate minimum amount of living space. 


THE CAUSES OF EXTINCTION 


While the proximal cause of a species’ extinction can be described as 
the failure of recruitment to offset mortality (for example, Mertz, 1971), 
the ultimate cause is generally the advent of a stressful change or a novel 
additional element in its environment. While many ultimate causes have 
played known or suspected roles in extinction, only a minority of these 
are likely to be important in undisturbed land-bridge or habitat islands 
(Table IV). These deserve a more detailed consideration. 


TABLE IV. Causes of extinction in habitat islands. 


1. Primary: stochastic extinction consequent to reductions in population size 
(mainly large or nomadic species, habitat specialists). 
a. Fragmentation. 
b. Negative population growth. 
c. Species dependent on irregular resources. 


bo 


. Secondary: ecological imbalances resulting from la and b above. 
a. Alteration of interaction webs, especially predator-prey and pollinator-dis- 
perser relations. 
b. Secondary or tertiary loss of food plants, prey species, mutualisms and so 
on, due to combined effects of all of the above. 


Fragmentation: Its Effects on Population Size and Dispersal 


While attempts to model extinction mathematically have nearly al- 
ways focused on stochastic population death (MacArthur and Wilson, 
1967; Leigh, 1975), it is, for our purposes, the least interesting mechanism 
of extinction. This is because the final sputter of almost any collapsing 
population can be viewed as a stochastic event. A population becomes 
vulnerable to random fluctuations in its environment only when it has 
already reached dangerously low levels. The same can be said of genetic 
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deterioration via inbreeding. Our goal as conservationists should be to 
prevent such dangerous situations from arising; our goal as scientists 
should be to understand how they arise. The following offers some specu- 
lative answers to this question. 

A population may be immediately threatened with stochastic extinc- 
tion if fragmented into unnaturally small population units. This is a triv- 
ial case but the minimum area necessary to secure a viable population of 
certain species may not be trivial. For example, the entire 1,500,000 hec- 
tare Manu National Park in Peru may contain only eight or 10 family 
groups of the giant otter (Pteroneura brasiliensis). For most species this 
would be considered a precarious situation. 

A healthy species is normally at equilibrium with its environment, 
that is, overall its numbers are neither growing nor declining. At a local 
level, however, single demes or clusters of demes may deviate from the 
equilibrium condition. “Good” habitat will produce excess individuals 
that will be obliged to defer reproduction until vacancies open up in the 
local territorial mosaic, or to disperse to “poor” habitat to try their luck 
at beating the odds in the “reproductive sweepstakes.” 

A population that becomes isolated through habitat fragmentation 
may be located in a “poor” region within which its long term growth rate 
is negative. This being so, its numbers will gradually dwindle until only 
the best territories are occupied. A new equilibrium may or may not be 
established, but even if it is, the mean number of individuals may be dan- 
gerously small—within the range in which stochastic extinction is a likeli- 
hood. Although as yet purely hypothetical, this mechanism seems highly 
plausible and is especially relevant to fragmented populations. The type 
of population dynamics it anticipates should be looked for in future stud- 
ies of habitat islands. 

The vanished frugivores and nectarivores of the Sao Paulo woodlots 
are an exceptional case of sensitivity to fragmentation because of their 
dependence on irregular resources. Northern finches and boreal raptors 
are more familiar examples of species which are periodically obliged to 
emigrate from their normal haunts (Bock and Lepthien, 1976). Although 
such populations can legitimately be viewed as being subject to wide 
stochastic fluctuations, we treat them as a distinct category because their 
mean or initial numbers in a disjunct piece of habitat may appear ade- 
quately large. When essential food supplies fail, however, their continued 
survival depends on the availability of alternative resources in other, 
often distant, locations. Certain tropical mammals also show this type of 
behavior (for example, some fruit bats, nectar bats and forest pigs). 


Secondary Extinctions Resulting from Ecological Imbalances 


Herein lies a potentially important area of research that has scarcely 
been breached (Chapter 2). Paine (1966) and others have clearly demon- 
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strated that the loss of a top predator in a rocky marine intertidal ecosys- 
tem can lead to a drastic simplification of the residual community. Yet 
we know next to nothing about what consequences follow the loss of top 
predators in terrestrial ecosystems. 

At this point we would like to recount a set of causal observations 
which suggests, in a tentative way, that the presence of top predators 
may exert a stabilizing influence on the structure of tropical forest com- 
munities. The Smithsonian Institution maintains a biological research 
station on Barro Colorado Island, a former hilltop that became an island 
when the Chagres river was dammed in connection with the construction 
of the Panama Canal. Completely protected for more than 50 years, 
Barro Colorado has become a veritable zoo without cages. Medium and 
large mammals are unwary and remarkably abundant. These include the 
collared peccary, agouti, coati mundi, three-toed and two-toed sloths, ta- 
mandua, armadillo and howler monkey. 

Terborgh has travelled extensively in the Neotropics, and nowhere, 
even in areas protected from hunting, has he found any of these mam- 
mals to be as abundant as on Barro Colorado. One could think of several 
possible reasons for this, but one stands out because its logic is so simple. 
In most places mammal populations are subject to varying degrees of 
predation pressure, from man, from natural predators or from both. But 
this is not so on Barro Colorado which is too small (17 km?) to sustain 
large predators. The mammals mentioned above constitute the bulk of 
the prey of jaguars, pumas and harpy eagles, none of which have bred on 
Barro Colorado for decades. It seems reasonable to infer that large mam- 
mals are abundant on Barro Colorado, at least in part because they live 
in a predator free environment. 

Since its isolation from the mainland, Barro Colorado has been losing 
species at a rate commensurate with those calculated for other land- 
bridge islands (Terborgh, 1974a). Birds, reptiles and mammals are in- 
cluded in the list of species that have disappeared. Because of Barro Colo- 
rado’s status as a research preserve, the extinctions have been carefully 
documented, not just presumed (Willis, 1974). In spite of this, the under- 
lying causes remain a mystery. 

Some 15 to 18 forest-dwelling birds have vanished. Although these 
represent a wide range of families and ways of life, many of them share 
the trait of nesting on or near the ground (Willis, 1974). It could be that 
excessive densities of partially predatory terrestrial mammals, especially 
peccaries and coatis, were instrumental in the disappearance of these 
birds. Both of these animals opportunistically eat eggs and nestlings. In 
an environment where more than 75 percent of nesting attempts result in 
failure, an increased incidence of nest predation could easily lower an af- 
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fected population’s recruitment rate below the maintenance level. All this 
is merely speculation, but it has a persuasive ring. 

Complex ecosystems, particularly tropical ones, are built upon elabo- 
rate webs of mutualism. Frugivorous birds and mammals depend on a 
seasonal succession of resources for the stability of their populations. Re- 
moval of one or more of the fruit species in the sequence (for example, via 
selective logging) could lead to a devastating gap in the annual food 
budget. Plants, in turn, are dependent on their animal pollinators and 
dispersers. The disappearance of an important frugivore through 
overhunting could be just as destabilizing to its mutualistically depen- 
dent food plants, though the reaction would necessarily be slower since it 
would be measured in the longer units of tree generations (Temple, 1977). 

Insectivores are certainly more immune to the loss of individual re- 
source species, though even insectivores evolve mutualistic dependencies. 
In the Neotropical forest there are birds which habitually profit from 
other animals, using them as beaters to flush out hidden insect prey. 
Some follow monkey troops, others follow peccary herds and still others, 
in the most obligate of all these commensualisms, follow army ants. The 
ant followers may not be able to survive in the absence of their beaters, 
for they have all but vanished from the two smaller Sao Paulo woodlots 
where the major army ant species are no longer found (Willis, in press). 


SUMMARY 


Comparisons of the faunas of land-bridge and habitat islands with 
control areas indicate that the long-term survival of isolated populations 
is strongly area dependent. Time and area play inverse roles in extinc- 
tion; what happens over centuries in a large area occurs within decades in 
a small one. Extinction is impartial in choosing its victims; species of all 
sizes, trophic levels and taxonomic groups fall prey. Rarity proves to be 
the best index of vulnerability. Rare species include top predators, and 
frequently other large species, as well as habitat specialists and species 
near the limits of their ranges. Frugivores and nectarivores, though they 
may be common, are also vulnerable because they are occasionally 
obliged to emigrate temporarily during periods of resource scarcity. 

Fragmentation of habitats appears to result in a deteriorative ecologi- 
cal chain reaction which begins with the stochastic loss of rare species, 
among which top predators have disproportionate importance because of 
their key roles in regulating prey populations. Their loss may trigger a 
cascade of unexpected secondary extinctions consequent to the disruption 
of evolved predator-prey relationships. The culmination of this process is 
the eventual attainment of a new equilibrium, one that is far less complex 
than the original one in its diversity of species and interactions. 

If we are to prevent these reactions from running their course in our 
parks and reserves, we must first take pains to preserve complete ecosys- 


132 


TERBORGH & WINTER/CHAPTER 7 
SOME CAUSES OF EXTINCTION 


tems. But having done this, a policy of benign neglect will not be suff- 
cient (Soulé et al., 1979). We will have to keep a watchful eye on the 
health of the community to be sure that dangerous imbalances do not 
develop. Corrective and preventative management, practices that today 
are in their infancy, will have to become the bywords of the conservation 
movement the world round. 
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